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THE EDITOR

What Is Inherited in the Predisposition to Alcoholism:
New Model or More Muddle?

Begleiter and Porjesz (1999) advanced a “speculative”
formulation of alcoholism liability based on a synthesis of
evidence drawn from neurobiological, genetic, and behav-
ioral research. The central thesis is that “an innate imbal-
ance of excitation/inhibition” underlies the risk for alcohol-
181m.

It is consensually accepted that sound theory guides
inpovative research; however, the quality of a theory is
judged according to its explanatory and predictive power.
Employing these latter criteria, the extant empirical litera-
ture does not support the model proposed by Begleiter and
Porjesz.

A central proposition is that low P3 amplitude is a neu-
rophysiological endophenotype reflecting the genetic risk
for alcoholism. Although not acknowledged by Begleiter
and Porjesz, it should be emphasized that many studies have
documented a P3 amplitude diminutior in individuals at
familial high risk for neuropsychiatric disorders that are ge-
netically unrelated to alcoholism. These disorders include
schizophrenia (Blackwood et al., 1991), bipolar affective
disorder (Squires-Wheeler et al., 1993), and Alzheimer
disease (Boutros et al., 1995). Thus, attenuated P3 ampli-
tude has very little, if anything, to do with specifically the
etiology of alcoholism. Hence, gene loci and genetic vari-
ance claimed to underlie the P3 phenotype are related to a
broad and genetically heteroggneous spectrum of neuro-
psychiatric disorders, including disorders genetically unre-
lated to alcoholism.

The P3 studies reviewed to support the model proposed
by Begleiter and Porjesz only reveal mean group differ-
ences according to group membership (e.g., affected versus
nonaffected). Critically missing from their literature review
is documentation regarding the. sensitivity of P3 voltage for
detecting true positives; that is, persons at known high risk
for alcoholism (or already affected). Also missing is infor-
mation about the specificity of the P3; that is, its capacity to
identify true negatives, namely, individuals who are not at
designated high risk or have no history of affectedness. In
the absence of this type of discriminative analysis, the claim by
Begleiter and Porjesz that an attenuated P3 is “characteristi-
cally” observed in alcoholics, their relatives, and their offspring
is @ misleading exaggeration. The critical question is: What
percent of biological first-degree relatives of alcoholics and
nonalcoholics have low and high P3 amplitude, respec-
tively? Inasmuch as Dr. Begleiter is the principal investiga-
tor of the prestigious Collaborative Genetic Study of Alco-
holism, where a large sample is present, his long-argued
position regarding the salience of the P3 as a marker for
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alcoholism can be definitively and expeditiously deter-
mined.

A significant genetic correlation between P3 amplitude
and alcoholism diagnosis cited in that article (—0.71) could
be a strong argument for the utility of P3 in the search for
alcoholism-related genetic loci. However, because the bi-
variate genetic data were obtained in a sample that in-
cluded affected individuals with varying severity of alcohol-
ism, the genetic correlation can only be accepted in their
argument if it is proven that alcoholism is not causal to the
diminished P3. Notably, Begleiter and Porjesz state: “evi-
dence that increased severity of alcohol dependence is
inversely related to P3 amplitude.” This statement is con-
sistent with a conclusion that alcoholism impacts on the P3
amplitude. It also is consistent with a conclusion that the
low P3 voltage reflects (at least in part) permanent cortical
dysfunction as has been observed in neuroimaging and
neuropsychological research. The point to be made is that
including affected individuals in the linkage analysis, using a
phenotype such as P3 that covaries with alcohol dependence,
confounds the genetic correlation claimed by Begleiter and
Porjesz. Similarly, the claim from COGA data pointing to a
tentative QTL at the alcohol dehydrogenase ADH3 region
employing a bivariate linkage analysis of P3 and alcoholism
(Williams et al., 1999) can be explained by the same cause-
effect relationship noted above. In effect, it is more plau-
sible to infer that the ADH3-P3 connection is secondary to
the ADH3-alcoholism connection in contrast to the argu-
ment by Begleiter and Porjesz that the ADH3 gene is
related to the P3. For Begleiter and Porjesz to advance a
convincing argument, it is necessary to document P3 in
naive individuals who become alcoholic and then use these
subjects as probands in linkage analyses. The observation
that P3 amplitude decrements are found in abstinent alco-
holics does not offset the possibility of irreversible changes
in brain electrophysiology consequent to chronic alcohol-
ism.

It is generally accepted that early age onset alcoholism is
the culmination of a deviant ontogenetic trajectory (Tarter
and Vanyukov, 1994). Begleiter and Porjesz propose that
the ADHD and CD in childhood are precursor outcomes to
alcoholism. Significantly, Bauer and Hesselbrock (1999)
conclude from their research that “P300 decrements previ-
ously attributed to familial alcohol/substance dependence
might be the result of a coincident increase in the preva-
lence of conduct problems.” Inasmuch as alcoholism
emerges from ADHD and CD in the Begleiter and Porjesz
model, it is also significant to note that no evidence is
provided to suggest that alcoholism is not merely the probable
outcome of behaviorally deviant development and a socially
non-normative adjustment style established prior to drinking
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onset. Because ADHD/CD are proposed to be the first
illnesses observed in ontogenesis, their research could be
mora productive by studying children with these latter an-
tecedent disorders. Without specification of any factors
specific te alcoholism, the model relegates alcoholism to a
group of developmental outcomes of deviancy that also
includes trauma injury, STD/HIV, and unplanned preg-
nancy.

Antisociality is hypothesized by Begleiter and Porjesz to
be presaging as well as comorbid to alcoholism. Signifi-
cantly, nicotine, caffeine, cocaine, and amphetamine con-
sumption is prevalent among antisocial alcoholics. No dis-
cussion is provided by the authors that suggests why these
stimulants would be habitually used if alcohol is consumed
to provide “initial relief from hyperexcitability” (Begleiter
and Porjesz, 1999, Fig. 2, p. 1132). According to the Begle-
iter and Porjesz model, exacerbating brain excitability by
stimulant drug consumption would comprise a punishment.

It is notable that substantial evidence pertaining to
ADHD (a developmental endophenotype preceding alco-
holism in the Begleiter and Porjesz model) points to phys-
iologic underarousal—not hyperexcitability. For example,
Lahey et al. (1988) define a subtype of ADHD featured by
sluggishness, daydreaming, and drowsiness. Notably, in the
APA field trials (APA, 1994) drowsiness and daydreaming
had positive predictive utility. Not surprisingly, therefore,
stimulant drugs are therapeutically effective inasmuch as
they elevate arousal to an optimum level. Considering this
body of evidence, in conjunction with the frequent obser-
vation that novelty seeking and risk taking behavior are also
. common in ADHD/CD youth who are at risk for alcohol-
ism, a convincing argument can be advanced to implicate
CNS hypoarousal.

The notion proffered by Begleiter and Porjesz that ho-
meostatic imbalance results in “excess” CNS excitability is
engaging. However, the authors do not acknowledge the
important prior theoretical contributions of Eysenck
(1967), Gray (1964), Pavlov (1927), and Zuckerman (1979)
as well as others who have catalyzed a rich line of scientific
inquiry pertaining to the association between an excitation/
inhibition imbalance and psychological functioning. A con-
sideration of the findings from this literature by Begleiter

and Porjesz would have yielded a balanced and informative
conceptualization.

In summary, the need for innovative models and theories
is universally recognized. The shortcomings of the model
proposed by Begleiter and Porjesz pertain to the absence of
genetic and phenotypic factors that specifically pertain to
alcoholism. The notion that P3 voltage is an endopheno-
type that is characteristic of individuals at known high risk
remains unsubstantiated. The notion that the genetic un-
derpinnings of the P3 pertain to alcoholism does not coin-
cide with findings that this ERP component is also associ-
ated with neuropsychiatric disorders that are genetically
unrelated to alcoholism. The reported significant genetic
correlations in the linkage analysis are likely confounded by
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the influence of a chronic history of alcoholism on the P3
amplitude phenotype. Furthermore, the drug preferences
of antisocial alcoholics and the pharmacotherapeutic re-
sponse of ADHD children to stimulant drugs do not concur
with the notjon that a state of brain hyperexcitability is the
physiologic disorder prodromal to clinical alcoholism.

Ralph E. Tarter, Ph.D.
Western Psychiatric Institute & Clinic
University of Pittsburgh Medical Center
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Response

Begleiter and Porjesz (1999) fully acknowledge that “the
speculative formulation” advanced in our paper is not ubig-
uitous to all alcohol-dependent individuals, and this is ex-
plicitly stated. A thorough reading and understanding of
the literature can readily dispense with all of the arguments
raised by Tarter (1999).

We have repeatedly stated in the literature, (most re-
cently Almasy et al., 1999; Williams et al., 1999), that the P3
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deficits observed in alcoholics and individuals at high risk
to develop alcoholism are not specific to alcoholism, but
are foundtin.schizophrenic patients, and as stated in our
recent publication (Begleiter and Porjesz, 1999), are also
present in indfviduals with substance abuse (Bauer 1997;
Brigham et al., 1997), antisocial personality (Bauer et al.,
1994; O’Connor et al., 1994), and attention deficit hyper-
activity disorder (Herning and King, 1996). In fact, we have
published observations of low P3s in schizophrenics
(Brecher and Begleiter, 1983; Brecher et al., 1987a,b).

We disagree with Tarter regarding the issue of sensitivity,
and have published data on sensitivity using Z-score distri-
butions (Porjesz et al., 1998), and more recently, heritabil-
ity of the P300 cdmponent of the ERP (Almasy et al,
1999). Both these papers were cited in our manuscript. We
tdke issue with Tarter’s statement that “the P3 studies
reviewed to support the model proposed by Begleiter and
Porjesz only reveal mean group differences according to
group membership (e.g., affected versus nonaffected).” We
have addressed this issue in the paper cited above (Porjesz
et al., 1998) which was published in Alcokolism: Clinical
and Experimental Research (Vol 22, No 6), in which we
compare distributions of P3 amplitude—not just mean am-
plitudes—between members of densely affected alcoholic
families and “randomly” ascertained control families.
These comparisons were performed on age and sex-
matched groups, using Z-score distributions. In that article,
we not only reported mean differences between affected
and nonaffected individuals, high-risk versus low-risk, un-
affected relatives and controls, but also found that signifi-
cantly more individuals from densely affected families man-
ifested P3s at the low end of the distribution than did
individuals from “randomly” ascertained control families.
Importantly, we reported that-this significant difference in
the distribution of P3 amplitude between dense and ran-
dom families was found in all age- and sex-matched com-
parisons—between offspring, affected, and unaffected in-
dividuals from these families—and we reported these
percentage differences. Therefore, we feel we have ad-
dressed the “critical question” raised by Tarter, namely,
“What percent of biological first-degree relatives of alco-
holics and nonalcoholics have low and high P3 amplitude,
respectively?” Similarly, a comparison of the high end of
the distributions of P3 indicates that significantly more
individuals from control families are represented compared
with individuals from the densely affected families. Again,
this is true when we compare affected or unaffected indi-
viduals from the control and densely affected families.
While affected individuals in densely affected families man-
ifest lower P3s than unaffected individuals from these fam-
ilies, affected individuals in our random control families do
not manifest lower P3s than their unaffected relatives.
Therefore, the P3 amplitude does not simply reflect the
effects of alcoholism per se.

We have asserted the importance of using broader ap-
proaches, such as related biological variables, to identify
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pertinent phenotypes in nonaffected subjects carrying vul-
nerability genes. The biological endophenotypes are ex-
tremely useful to identify relatives of affected individuals
who, on the basis of conventional diagnostic criteria, would
be considered unaffected, but who nevertheless are at risk
for the disease. It is important to note that because the
disease involves the interaction of multiple genes, the bio-
logical endophenotypes need not be disease-specific.

Tarter argues that the genetic correlation we have ob-
served can only be accepted “if it is proven that alcoholism
is not causal to the diminished P3.” That this is very much
the case is the “raison d’étre” for the use of P3 as an
endophenotype. Our initial article (Begleiter et al., 1984)
demonstrated unequivocally that naive young sons of
chronic alcoholics manifested a significantly reduced P3
compared with controls. It was clearly stated in our article
that all the subjects were selected because they had no
experience with alcohol or any illicit drugs. Needless to say,
this finding has been replicated a number of times, includ-
ing at Tarter’s own institution (Hill and Steinhauer, 1993),
and has been the subject of a meta-analysis (Polich et al.,
1994) which clearly identified a significant observation
across many studies. Studies of the acute effects of alcohol
on P3s indicate that it affects P3 latency more than ampli-
tude (Porjesz and Begleiter, 1993; Schuckit et al., 1988).
Furthermore, alcoholics who are abstinent for prolonged
periods still manifest low P3s (Porjesz and Begleiter, 1985)
(this latter finding was published in a book edited by
Tarter). Thus P3 amplitude represents a “frzit” rather than
a “state” marker.

The importance of risk in contrast to exposure to alcohol
was elegantly demonstrated by Pfefferbaum et al. (1991)
who reported that in abstinent alcoholics, P3 amplitude
reflects family history but not alcohol consumption; similar
findings have been noted by other investigators (Benegal et
al., 1995; Cohen et al., 1995). This well established obser-
vation provides a compelling argument for the relationship
between P3 amplitude and family history of alcoholism and
not alcohol intake. Three additional studies provide strong
evidence for the role of diminished P3 in young boys and
the subsequent abuse of alcohol and/or illicit substances
{(Berman et al., 1993; Hill et al., 1995; Iacono, 1998).

Tarter is under a misconception regarding the Williams
et al. (1999) results, when he states that “the ADH3-P3
connection is secondary to the ADH3-alcoholism connec-
tion in contrast to the argument by Begleiter and Porjesz that
the ADH3 gene is related to the P3 ” (italics added). In fact,
we clearly state that this region on chromosome 4 “strongly
influenced liability to alcoholism. . . with evidence for pleio-
tropic effects on P3 (Begleiter and Porjesz, 1999, p1129).”
Thus we never state that the ADH3 gene is directly related
to P3, as Tarter claims.

Tarter states, “Without specification of any factors spe-
cific to alcoholism, the model relegates alcoholism to a
group of developmental outcomes of deviancy...... »
Tarter confuses predisposing risk factors that increase the
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probability of a given outcome (alcohol dependence) with
factors that predetermine outcome. We certainly do not
beliéve-that possessing (identifying) these predisposing fac-
tors necessarily determines destiny, and we reaffirm our
position that these risk factors, although not specific to
alcoholism, increase the risk. Tarter states that the
Begleiter and Porjesz (P3) model asserts that “alcoholism
emerges from ADHD and CD.” However, a close inspec-
tion of Fig. 2 in our article (Begleiter and Porjesz, 1999; p.
1132) would readily reveal that there are at least two path-
ways that may contribute to the development of alcoholism:
One is the contribution of externalizing disorders, the other
is the direct gontribution of disinhibition/CNS hyperexcit-
ability. Both pathways are clearly illustrated in our sche-
matic chart of the proposed model, but conveniently over-
looked by Tarter.

Tarter asserts that nicotine, caffeine, cocaine, and am-
phetamine consumption is prevalent among individuals
with antisocial personality disorder (ASP). Indeed, it
should be noted that according to the ECA study, by far the
most abused drug among ASP individuals is alcohol (Re-
gier et al., 1990). Moreover, the most prevalent comorbid
condition with alcohol dependence is Antisocial Personality
Disorder (ASPD).

On the issue of ADHD, Tarter argues that this clinical
condition represents a state of under-arousal treated effec-
tively with stimulant drugs. It is correct that most evidence
suggests a primary role of the dopaminergic system in
ADHD. However, it is important to note that converging
_ evidence implicates the dopaminergic system and the ni-
grostriatal regions in the pathophysiology of ADHD. In-
deed, Tarter offers a gratuitous contradiction when he
describes attention deficit Ayperactivity disorder as a condi-
tion with physiologic underarousal.

In studies conducted by Ernst and colleagues at NIH, the
“authors conclude that only the prefrontal cortex demon-
strated significantly different F18 - DOPA ratio in ADHD
compared with controls (Ernst et al., 1998). The prefrontal
cortex is well known to have inhibitory functions, which
when deficient, produces hyperexcitability as reflected by
inattention and excessive motor activity. Furthermore, it
should be noted that the alcohol dependence literature is
replete with scientific observations noting the early inci-
dence of ADHD followed by the subsequent development
of alcoholism.

In discussing the imbalance between excitation and/inhi-
bition proposed in our model, Tarter does not distinguish
between physiologic and psychological disinhibition. It
should be noted that we are proposing a state of physiologic
disinhibition, and it cannot be assumed that this underlying
physiologic imbalance necessarily leads to behavioral dis-
inhibition. Tarter concedes that our proposed model assert-
ing homeostatic imbalance resulting in “excess” CNS excit-
ability might have had some merit had we cited the prior
contributions of Eysenck (1967), Gray (1964), Pavlov
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(1927), and Zuckerman (1979). He concludes by stating
that citing the aforementioned literature “would have
yielded a balanced and informative conceptualization.” We
are most puzzled by this statement which purports that a
citation of a few references would suddenly provide our
proposed model with a balanced and informative concep-
tualization.

We do not propose this model with the firm conviction
that it is “right” or “wrong,” but believe that it will yield a
number of testable hypothesis that can further our under-
standing of etiologic factors in alcohol dependence. The
model we have proposed is not a theory, but a tentative
description of a system. It is no more than a paradigm,
which according to the pre-eminent philosopher of science
Kuhn (1962) is described as essentially a collection of be-
liefs. According to Kuhn (1962), paradigms are essential to
scientific inquiry; it guides the research efforts of scientific
communities, and it is this criterion that most clearly iden-
tifies a field as a science. Finally, it should be noted that the
typical developmental pattern of a mature science is the
successive transition from one paradigm to another
through a process of evolution.

It is our hope that the model or paradigm we propose
will either live up to scientific scrutiny or will result in a
paradigm shift.

Henri Begleiter, M.D., Ph.D.

Bernice Porjesz, M.D.

SUNY Health Science Center
at Brooklyn
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